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Septal Involvement in Patients With
Post-Infarction Ventricular Tachycardia
Implications for Mapping and Radiofrequency Ablation
Kentaro Yoshida, MD,* Miki Yokokawa, MD,* Benoit Desjardins, MD, PHD,† Eric Good, DO,*
Hakan Oral, MD,* Aman Chugh, MD,* Frank Pelosi, MD,* Fred Morady, MD,* Frank Bogun, MD*
Ann Arbor, Michigan; and Philadelphia, Pennsylvania
Objectives The purpose of this study was to assess the prevalence of the re-entry circuit within the interventricular septum
in post-infarction patients referred for ventricular tachycardia (VT) ablation.
Background Post-infarction ventricular tachycardia can involve the endocardial myocardium, the intramural myocardium, the
epicardium, or the His Purkinje system.
Methods Among 74 consecutive patients with recurrent post-infarction VT, 33 patients (45%) were identified in whom the
critical part of the VT involved the interventricular septum. A total of 206 VTs were induced in these 33 patients.
In 46 of the 206 VTs, a critical component was identified in the interventricular septum. The critical isthmus of
the re-entry circuit was identified by entrainment mapping, activation mapping, or pace-mapping.
Results In 32 of 46 VTs (70%), the critical component of the re-entry circuit was confined to the endocardium. In 9 of 46
VTs (20%), the critical component involved the Purkinje system, and in 5 of 46 VTs (11%), an intramural area
was critical. Entrainment and/or pace-mapping helped to identify critical areas of endocardial VTs as well as VTs
involving the Purkinje fibers, but neither of these mapping techniques localized intramural VTs. Electrocardio-
graphic characteristics were specific for each of the septal locations. All VTs mapped to the interventricular sep-
tum were acutely successfully ablated. VTs recurred in 9 of 33 patients with septal VTs during a mean follow-up
period of 40  20 months.
Conclusions Post-infarction VT involving the interventricular septum can involve the endocardial muscle, Purkinje fibers, or
intramural muscle fibers. Electrocardiographic characteristics differ depending on the type of tissue involved.
(J Am Coll Cardiol 2011;58:2491–500) © 2011 by the American College of Cardiology Foundation
Published by Elsevier Inc. doi:10.1016/j.jacc.2011.09.014The septum is frequently involved in myocardial infarc-
tion and contains myocardial and Purkinje fibers that
both can give rise to ventricular arrhythmias (1–3). The
purpose of this study was to characterize post-infarction
ventricular tachycardias (VTs) involving the interventric-
ular septum.
Methods
Patient characteristics. The subjects of this study were 33
consecutive patients (30 men; mean age 64  9 years;
ejection fraction 0.29  0.15) referred for radiofrequency
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from Biosense Webster. All other authors have reported that they have no relation-
ships relevant to the contents of this paper to disclose.Manuscript received June 5, 2011; revised manuscript received August 25, 2011,
accepted September 5, 2011.ablation of recurrent VT in whom the left ventricular
septum was demonstrated by entrainment mapping, activa-
tion mapping, or pace-mapping to be critically involved in
the re-entry circuit. The patients were selected from a
consecutive group of 74 patients who were referred for
ablation of post-infarction VT. All patients had a history
of 1 myocardial infarction (anterior in 15, inferior in
14, and both anterior and inferior in 4). Catheter ablation
was performed because of recurrent VT causing frequent
implantable cardioverter-defibrillator (ICD) discharges
in 20 patients and because of recurrent VT in 13 patients.
All patients had failed therapy with 1 antiarrhythmic
drug, including amiodarone in 21 of 33 patients. Patient
characteristics are given in Table 1.
A total of 206 VTs (VT cycle length, 375  98 ms) were
induced in these patients. Forty-six VTs (1.4 VTs per
patient, VT cycle length: 404  100 ms) were mapped to
the interventricular septum (Figs. 1A to 1C). Based on far-
and near-field ICD electrograms and available 12-lead
electrocardiogram recordings (4), 21 of the VTs were
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Post-Infarction Ventricular Tachycardia December 6, 2011:2491–500clinically relevant in that they
caused either recurrent VT or
recurrent ICD discharges. All
VTs were mapped and targeted
for ablation. Twenty-one VTs
had a left bundle branch block
morphology, and 25 had a right
bundle branch block morphology.
Electrophysiologic study and
mapping. After informed con-
sent was obtained, 2 multipolar
electrode catheters were introduced into a femoral vein and
positioned in the right ventricular apex and the His bundle
position. Programmed right ventricular stimulation was
performed using 1 to 4 extrastimuli (5). Left ventricular
mapping was performed using femoral artery access and a
retrograde aortic approach. In 3 patients, a transseptal
approach was performed due to aortic valve replacement,
aortic atheromas, or peripheral vascular disease. An electro-
anatomic mapping system (CARTO, Biosense Webster,
Inc., Diamond Bar, California) was used in all patients with
a 7-F mapping/ablation catheter that had a 4-mm tip and a
2-mm ring electrode separated by 1 mm or an irrigated
3.5-mm-tip catheter (Thermocool, Biosense Webster, Inc.).
Electrograms were filtered at 50 to 500 Hz. The intracar-
diac electrograms and leads V1, I, II, and III were displayed
n an oscilloscope and recorded at a speed of 100 mm/s.
he recordings were stored on optical disk (EP Med Inc.,
ew Berlin, New Jersey). Systemic heparinization was
aintained throughout the procedure to maintain an acti-
ated clotting time of 250 s.
Abbreviations
and Acronyms
DE  delayed enhancement
ICD  implantable
cardioverter-defibrillator
MRI  magnetic resonance
imaging
VT  ventricular
tachycardia
Characteristics of Patients With and Without EvTable 1 Characteristics of Patients With an
Nonseptal V
No. of induced VTs (exit site identified) 248 (
No. of septal VTs —
Age, yrs 69
Women/men 7/
Ejection fraction 30
QRS during VT, ms (exit site identified) 207 38 (2
VT morphology
LBBB (exit site identified) 71 (
RBBB (exit site identified) 177 (
VT cycle length, ms (exit site identified) 370 93 (3
Infarct localization
Inferior 3
Anterior
Low-voltage area (1.0 mV), cm2 Median  7
Coronary artery related to infarction
LAD
LCx 1
RCA 1
Values are n (%), mean SD, or n, except for the low-voltage area, whic
not normally distributed. Nonseptal ventricular tachycardias (VTs): n
mapping.LAD  left anterior descending artery; LBBB  left bundle branch block; LC
right coronary artery; VT  ventricular tachycardia.apping protocol. A voltage map was generated during
inus rhythm. An electrogram amplitude 1.0 mV was
efined as low voltage (6,7). The degree of septal involve-
ent was expressed as the area and percentage of septal
nvolvement (Fig. 2). If a VT was hemodynamically toler-
ted, activation mapping was performed (Fig. 2). During
he activation map, entrainment mapping was performed to
dentify critical sites of the re-entry circuit (8). A mean of
14  86 sites was collected to construct the activation
aps. Entrainment mapping was performed at all sites
isplaying abnormal electrograms and at sites of earliest
ndocardial activation. In patients with tolerated VTs in
hom the earliest activation was located at the left ventric-
lar septum (Fig. 3A), activation mapping was performed
rom the right ventricular side to assess the site of earliest
ctivation (Figs. 3B and 3C). Entrainment mapping was
epeated at the site of earliest right ventricular activation.
ites were assessed for the presence of Purkinje potentials
uring VT and sinus rhythm.
Pace-mapping was performed in areas with a voltage of
1.5 mV (9) for VTs that were not hemodynamically
olerated.
adiofrequency ablation. Radiofrequency ablation was
erformed at the critical isthmus of the VT re-entry circuit.
n isthmus was defined as a site showing concealed en-
rainment with matching stimulus-QRS and electrogram-
RS intervals (10) or where VT terminated during pacing
ithout global capture (11). If no concealed entrainment
ould be identified and there were no matching pace-maps,
adiofrequency energy was delivered at the site of the earliest
ndocardial activation. If there was insufficient power deliv-
ce of Septal VTshout Evidence of Septal VTs
41) Septal VT (n  33) p Value
160 —
46 —
64 9 0.03
4/29 NS
29 15 NS
38) 187 45 0.003 (0.009)
21 0.03
25 (0.04)
101) 404 100 0.02 (NS)
0.003
18
19
 45 Median  90; IQR  86 0.10
0.0001
19
0
18
resented as median with interquartile range (IQR) because data were
nce of septal involvement based on pace-mapping or entrainmentidend Wit
Ts (n 
172)
10
34
11
03
51)
121)
86
3
8
3; IQR
8
9
6
h was p
o evidex  left circumflex artery; RBBB  right bundle branch block; RCA
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December 6, 2011:2491–500 Post-Infarction Ventricular TachycardiaFigure 1 12-Lead Electrocardiogram of 3 Different Ventricular Tachycardias
(A) Ventricular tachycardia involving the left ventricular endocardium. (B) Ventricular tachycardia involving the Purkinje system.
(C) Ventricular tachycardia involving the intramural septum.
2494 Yoshida et al. JACC Vol. 58, No. 24, 2011
Post-Infarction Ventricular Tachycardia December 6, 2011:2491–500ery (20 W) with a 4-mm-tip catheter, an irrigated-tip
catheter (Thermocool, Biosense Webster, Inc.; n 2) or an
8-mm-tip catheter (Navistar, Biosense Webster Inc.; n 1)
was used. If VT terminated after 20 s of radiofrequency
energy delivery, the application of radiofrequency delivery
was continued for another 60 to 120 s. Applications of
radiofrequency energy were titrated to maintain a target
temperature at the electrode-tissue interface of 60°C for the
4-mm-tip catheter and an impedance decrease of 10  for
irrigated-tip catheters. With the 8-mm-tip catheter, the
power was set at 70 W.
Programmed stimulation was repeated post-ablation at 2
right ventricular sites. A VT was considered successfully
ablated if the VT terminated during radiofrequency energy
delivery and could not be induced subsequently.
During follow-up, patients received the same antiarrhyth-
mic drugs that had failed before the ablation procedure.
Figure 2 Voltage Sinus Rhythm Map and Activation Map of an
(A) Voltage map of the left ventricle in a patient with a previous inferoseptal myoc
tum. This patient had an intramural ventricular tachycardia circuit. (B) Activation m
basal left ventricular septum. AV  aortic valve; MA  mitral annulus.
Figure 3 Septal Ventricular Activation Maps of an Intramural V
(A) Activation map of the left ventricular septum indicating the earliest activation d
dia originated from an intramural circuit. (B) Activation map of the right ventricular
activation is 25 ms preceding the QRS for the right septum and 24 ms for the
mitral annulus; PA  pulmonary artery; TA  tricuspid annulus.Classification of VTs. ENDOCARDIAL MYOCARDIAL VT. An
isthmus was defined as endocardial if there was:
1) concealed entrainment at the left ventricular endocar-
dium and a matching stimulus-QRS and electrogram QRS
interval; or 2) if VT terminated during pacing without
global capture; or 3) if there was a match in10 of 12 leads
with the spontaneous VT during pace-mapping. To rule out
the possibility of Purkinje fiber involvement, the absence of
Purkinje potentials was mandatory during sinus rhythm or
during VT at the effective ablation site.
VTs WITH INVOLVEMENT OF THE PURKINJE SYSTEM.
VTs were classified as involving the Purkinje system if the
following criteria were met: 1) a Purkinje potential was
present during sinus rhythm and during VT at the critical
site (Fig. 4); and/or 2) concealed entrainment with match-
ing stimulus-QRS and electrogram-QRS intervals was pres-
mural Ventricular Tachycardia
infarction. The area of low voltage includes mainly the basal left ventricular sep-
ring ventricular tachycardia indicating that the earliest area of activation is in the
ular Tachycardia
ventricular tachycardia is located at the basal septum. The ventricular tachycar-
m indicating that the earliest breakthrough is in the mid septum. The earliest
ptum. (C) Merged right- and left-sided activation maps. AV  aortic valve; MA Intra
ardial
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December 6, 2011:2491–500 Post-Infarction Ventricular Tachycardiaent or if VT terminated during pacing without global
capture (Fig. 4) at a site with a Purkinje potential. In the
presence of Purkinje potentials, changes in the intervals
separating the potentials preceded changes in the R-R
intervals. Purkinje potentials (Fig. 4) were defined as sharp,
high-frequency potentials preceding the QRS onset during
sinus rhythm. Bundle branch re-entry was ruled out by
standard criteria (12).
INTRAMURAL VTS. VTs were classified as intramural if the
ollowing criteria were met: 1) there was focal type of
ndocardial activation at both the right and left ventricular
ndocardium during activation mapping; and 2) the VT
ould be entrained, but concealed entrainment could not be
ocumented. At the effective site, pace-mapping during
inus rhythm showed a pace-map of 10 of 12 matching
eads compared with the spontaneous VT.
ardiac magnetic resonance imaging. Before the electro-
hysiology procedure, all patients without contraindications
o magnetic resonance imaging (MRI) underwent delayed-
nhancement (DE) MRI. The studies were performed on a
.5-T MRI scanner (Signa Excite CV/i, General Electric,
ilwaukee, Wisconsin) with a 4- or 8-element phased-
rray coil placed over the chest of patients in the supine
osition. Images were acquired with electrocardiography
ating during breath-holds. Dynamic short- and long-axis
mages of the heart were acquired using a segmented
-space, steady-state, free-precession pulse sequence (repe-
ition time of 4.2 ms, echo time of 1.8 ms, 1.4  1.4-mm
n-plane spatial resolution, 8-mm slice thickness). Fifteen
in after administration of 0.20 mmol/kg of intravenous
adolinium diethylenetriamine tetraacetic acid (Magnevist,
Figure 4 Critical Site of a VT Originating From the Purkinje Sys
Nonglobal capture at a site where Purkinje fibers are present during ventricular tac
A pace-map during sinus rhythm (right panel shows a match with the targeted venerlex Pharmaceuticals, Wayne, New Jersey), 2-dimensional telayed-enhancement imaging was performed using an
nversion-recovery sequence (13) (repetition time of 6.7 ms,
cho time of 3.2 ms, 1.4  1.4-mm in-plane spatial
esolution, 8-mm slice thickness) in the long and short axis
f the left ventricle at matching cine-image slice locations.
he inversion time (250 to 350 ms) was optimized to null
he normal myocardium.
All DE-MRI was analyzed offline with specialized post-
rocessing software (Osirix, University of Geneva, Geneva,
witzerland; Matlab, Mathworks, Natick, Massachusetts).
or each subject, manual tracing of the endocardial contour
f DE images was performed on a stack of 15 to 20
hort-axis images, from base to apex of the left and right
entricles (Figs. 5A and 5B). The area of DE was then
utomatically determined by a region-growing algorithm as the
rea encompassing pixels with values of50% of the maximal
ignal intensity within scar using the traditional method (14).
hen areas of DE were analyzed for heterogeneity (15,16).
hese findings were correlated with the VT classification.
Detailed analysis of the septal component of the scar was
erformed. The septum was divided into a left ventricular
ndocardial third, an intramural third, and an epicardial
hird (Fig. 5A). The septal component of each scar was also
eparated into core infarct (signal3 SDs from normal) and
eri-infarct zone (signal 2 to 3 SDs from normal). The
eported data were obtained from the full myocardial
hickness in the region of the septum spanned by the scar.
he volume of core infarct and peri-infarct zones in the
hort-axis segment where the critical site was recorded as
ell as in the preceding and the subsequent short-axis slice
as assessed and reported depending on the mechanism of
ia and sinus rhythm (arrows).
r tachycardia).tem
hycard
triculahe VT.
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Post-Infarction Ventricular Tachycardia December 6, 2011:2491–500Follow-up. All patients were seen every 6 to 12 months in
an ICD clinic. All but 1 patient without a previously
implanted ICD underwent ICD implantation before hos-
pital discharge. One patient refused ICD implantation.
Statistical analysis. Continuous variables are summarized
as mean  1 SD and compared between 2 groups using the
Student t test and across multiple groups using 1-way
analysis of variance. For continuous variables that are highly
skewed, the Kruskal-Wallis test was used. Discrete variables
were compared using the Fisher exact test or by chi-square
analysis. A p value 0.05 was considered statistically sig-
nificant. In unpaired statistical comparisons in which char-
acteristics of different VT types were compared, the Bon-
ferroni correction was used to adjust for multiple
comparisons. No corrections were made for multiple VTs
Figure 5 Stack of Short-Axis Delayed-Enhanced Magnetic Reso
(A) Magnetic resonance imaging with delayed enhancement (stack of short-axis vi
tachycardia. This patient had an inferoseptal myocardial infarction. The scar exten
obtained during electroanatomic mapping were projected onto the magnetic reson
sites) confirming the presence of endocardial scar tissue. The lower panel shows t
an endocardial third (I), an intramural third (II), and an epicardial third (III). The scar wa
hancement magnetic resonance imaging (stack of short-axis views from a basal [right
lar tachycardia. No intramural ventricular tachycardia circuit was present in this patienwithin individuals when the VTs were the unit of analysis.Results
Septal versus nonseptal VTs. Patients with VTs involving
the septum more often had anterior wall myocardial infarc-
tions than patients without septal involvement. Their septal
scar burden was substantially higher than in patients in
whom septal VTs could not be identified. Furthermore,
they more often had VT morphologies with left bundle
branch block compared with others and the QRS width was
narrower compared with VTs with a nonseptal exit. Scar
size as assessed by measurement of the endocardial low-
voltage area was no different in patients with VTs involving
the septum compared with other patients (Table 1).
Characteristics of endocardial septal VTs. In this series
of VTs with septal involvement, the endocardium was the
e Images
m a basal [right] to an apical direction) in a patient with intramural ventricular
the basal septum to the midinferior septum. Mapping points (upper panel)
aging (red tags indicate low-voltage sites, purple tags indicate normal voltage
mated color coding depending on the signal intensity. The septum was divided into
separated into core infarct (red) and peri-infarct zone (yellow). (B) Delayed-en-
apical direction) in a patient with an inferoseptal infarction and endocardial ventricu-
pared with A, the intramural segment lacks areas with tissue heterogeneity.nanc
ews fro
ds from
ance im
he auto
s also
] to an
t. Commost prevalent location (70%) of the critical component of
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December 6, 2011:2491–500 Post-Infarction Ventricular Tachycardiathe re-entry circuit (Table 2). VTs involving the endocar-
dium of the septum were distinct from other VTs involving
the septum in that their QRS complexes were significantly
broader and left bundle branch block morphologies were
seen as frequently as right bundle branch block morpholo-
gies. Patients with VTs in this anatomic location had more
total scar tissue in the left ventricle and the septum
compared with the other patients in this series. Pace-
mapping and entrainment mapping helped to identify
critical areas for all VTs in the endocardial septal location.
Characteristics of VTs involving the Purkinje system.
Distinguishing features of these included the narrowest
QRS complex of all septal post-infarction VTs and a higher
prevalence of right bundle branch block morphology mimi-
cking fascicular VT. Entrainment mapping and pace-
mapping both indicated the critical site of the re-entry
circuit. Matching pace-maps with the targeted VT were
identified at all critical sites where Purkinje potentials were
recorded.
Characteristics of intramural VTs. The least common
location of septal VTs was intramural (11%). VTs originat-
ing from the intramural myocardium were distinct from
Comparison of Septal VT LocalizationTable 2 Comparison of Septal VT Localization
Variables
Endocardial Myocardium
(n  20)
No. of VTs 32
Age, yrs 65 10
Women/men 3/17
QRS width, ms 204 38*
QRS: V1/V2 4/32 (13%)
Morphology
LBBB 16/32
RBBB 16/32
Axis
Superior 21/32
Inferior 11/32
VT cycle length, ms 404 97
Pace-map match score at effective site 11.1 0.9*
CE (10/10)
Ejection fraction, % 26 15
Low-voltage area (1.0 mV), cm2§ Median  109; IQR  53
Low-voltage area (1.0 mV), cm2,
within left ventricular septum§
Median  32; IQR  32
Septal involvement to whole septal area, %§ Median  55; IQR  30
Infarct localization
Inferior 11
Anterior 11
Coronary artery
LAD 11
RCA 12
LCx 0
Septal origin
Basal/nonbasal 8/24
Anterior/posterior 19/13
Values are n, mean  SD, or n (%). *QRS: V1/V2  QRS morphology with QS complex in V1
urkinje-related VTs: p  0.05. †Intramural versus endocardial VTs: p  0.05. ‡Purkinje-related VTs vers
CE  concealed entrainment; IQR  interquartile range; other abbreviations as in Table 1other septal VTs in that they most often had a left bundle
branch block morphology with a Q wave in V1 and a broad
R-wave in V2 (Fig. 1). The site of origin was in the basal
septum in all instances. Although these VTs could be
induced with programmed stimulation and showed clas-
sic entrainment with pacing, concealed entrainment
could not be demonstrated from the endocardium. Fur-
thermore, pace-mapping failed to identify the exit site of
these VTs, and none of the pace-maps had a matching
QRS complex with the targeted VT in 10 of 12 leads
when pacing was performed at the effective ablation site.
The QRS width was significantly narrower than in the
endocardial VTs, but similar to the VTs involving the
Purkinje system (p  0.009 for endocardium vs. intra-
ural; p  0.4 for Purkinje related vs. intramural).
ntramural VTs tended to occur more often in patients
ith septal involvement associated with anterior infarc-
ion– than Purkinje-related VTs in which inferior infarc-
ions predominated (p  0.07). Patients with intramural
Ts had the highest left ventricular ejection fraction and
he least amount of total and septal scar as assessed by
oltage mapping of the endocardium.
Purkinje Related
(n  8)
Intramural Myocardium
(n  5) p Value
9 5 —
62 7 64 7 NS
0/8 0/5 NS
137 15 155 37† 0.0001
0/9 (0%) 4/5 (80%) 0.0003
0.03
1/9 4/5
8/9 1/5
NS
9/9 3/5
0/9 2/5
415 127 385 78 NS
12.0 0.0‡ 8.8 0.5† 0.0001
9/9 0/5 —
29 11 43 14† 0.05
Median  55; IQR  61‡ Median  22; IQR  8† 0.002
Median  27; IQR  15 Median  13; IQR  16 NS
Median  50; IQR  47‡ Median  16; IQR  26† 0.04
0.05
6 0
3 5
0.05
3 5
6 0
0 0
4/5 5/0 0.005
1/8 2/3 0.04
broad R-wave in V2. P values were adjusted for multiple comparisons. *Endocardial VTs versusand a
us intramural VTs: p  0.05.
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Post-Infarction Ventricular Tachycardia December 6, 2011:2491–500Magnetic resonance imaging. In patients with endocar-
dial VTs, the peri-infarct zone throughout the septum
represented 4.4  4.4% of the scar, and in patients with
Purkinje fiber–related VT, the peri-infarct zone composed
9.7  4.4% of the scar, and in the only patient with
ntramural VTs, the peri-infarct zone represented 36% of
he scar or 7 times the SD from the mean of the patients
ith endocardial VTs (Fig. 5A, Table 3). Patients with
ndocardial VTs and patients with VTs involving the
urkinje fiber system had a similar amount of core infarct
nd peri-infarct volume throughout the septal scar. Patients
ith endocardial nonseptal VTs had a similar core infarct
nd peri-infarct volume compared with patients with endo-
ardial septal VTs.
apping and ablation. All clinically relevant VTs were
uccessfully ablated. All 46 VTs localized to the septum
ere effectively ablated. Among the remaining 160 VTs, a
ritical isthmus was identified for 59 VTs, and these VTs
ere effectively ablated (Fig. 6). After ablation, 22 of 33
atients (67%) were noninducible with programmed ven-
ricular stimulation. In 100 of the 105 VTs, when pacing
as performed at a VT isthmus, there was either a
0–11/12 (n  66) or a 12/12 pace-map (n  34) at the
ritical area. There was no difference with respect to
Comparison of Magnetic Resonance Imaging DataTable 3 Comparison of Magnetic Resonance Imaging Data
Variables n Normal Volume, cm3 C
Endocardial VT 8 0.07 0.07
Purkinje VT 2 0.06 0.08
Intramural VT 1 0.04
Volumes and ratios between patients with endocardial VT and Purkinje fiber–related VT were not s
patients with Purkinje–related or endocardial VTs.
CI  core infarct; PIZ  peri-infarct zone; VT  ventricular tachycardia.
Figure 6 Ablation Outcome
Schema indicating the different types of ventricular tachycardia (VT) and their clini
Endo  endocardial.blation outcome if 10 or 12 leads matched with the
orphology of the targeted VT. In 10 of 11 patients, at least
VT remained inducible at the end of the procedure; in
hese inducible VTs, an isthmus could not be identified
uring endocardial left ventricular mapping.
The mean fluoroscopy time was 60  23 min, and the
ean procedure time was 380  113 min. A mean of 57 
3 min of radiofrequency energy was delivered per patient.
ne patient required 2 procedures to eliminate an intramu-
al VT. In 6 patients, a 4-mm-tip conventional catheter was
sed for the ablation procedure. In 2 patients with intra-
ural circuits, the 4-mm-tip catheter failed to eliminate the
ntramural VT. In 1 of these patients, an 8-mm-tip catheter
as used, and in the other patient, an irrigated-tip catheter
as used to eliminate the intramural circuit. In the remain-
ng 27 patients, irrigated-tip catheters were used.
ollow-up. Treatment with amiodarone was continued
ost-ablation in 17 of 33 patients. During follow-up of 40 20
onths, 1 patient died suddenly, 1 patient died secondary to
stroke, and 1 patient died secondary to myocardial
nfarction. Nine of the 33 patients (27%) had recurrent VT.
ased on ICD electrogram analysis that was available in 5 of
patients, none of the recurring VTs was a septal VT. Six
f 9 patients needed repeat ablation procedures, and all but
me, cm3 Peri-infarct Zone Volume, cm3 PIZ/CI Ratio
1.90 0.09 0.09 0.05 0.06
0.46 0.18 0.08 0.10 0.02
21 0.68 0.56
ally different. The PIZ/CI ratio was 5 SD higher in the patient with intramural VT compared with
vance as well as whether critical components were identified.I Volu
1.96
1.77
1.
tatisticcal rele
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December 6, 2011:2491–500 Post-Infarction Ventricular Tachycardia1 patient had no ventricular arrhythmias subsequently. The
remaining patients were controlled with adjustment of
antiarrhythmic medications.
Discussion
Main findings. This study describes the distinctive char-
acteristics of post-infarction VTs involving the interventric-
ular septum. The critical component of the re-entry circuit
can involve the deep intramural myocardium, the Purkinje
system, or the endocardium. Approximately 70% of the
induced VTs had critical components in the septal endo-
cardium. The remainder was split between VTs involving
the Purkinje fiber system and intramural circuits. VTs
involving the Purkinje system had the narrowest QRS
complexes and displayed a right bundle branch block mor-
phology. Intramural VTs had a left bundle branch block
with a QS complex in V1 and a broad R-wave in lead V2.
Endocardial VTs from the interventricular septum had the
broadest QRS width. Patients with endocardial VTs had
the most extensive scarring and the lowest ejection fraction.
Mechanism of septal post-infarction VT. Intramural
VTs could be entrained, but a protected area within the scar
tissue could not be identified by concealed entrainment.
Endocardial breakthrough points were juxtaposed on the
left and right ventricular septum, consistent with a deep
focus within the septum. Similar findings were described by
Kaltenbrunner et al. (17) using intraoperative right and left
ventricular mapping. In the latter study, intramural VTs had
the lowest surgical success rate. In all intramural VTs in the
present study, a conventional 4-mm-tip catheter failed to
eliminate the VT, and either an irrigated-tip catheter or an
8-mm-tip catheter was required to reach the VT focus.
Pace-mapping at the earliest site of endocardial activation
resulted in a very different QRS morphology compared with
the targeted VT morphology. Capture of the myocardium
surrounding the catheter tip generates a QRS complex that
reflects local capture and is different from the QRS complex
of an intramural VT. Because these VTs could be induced
by programmed stimulation and could be entrained, their
mechanism was re-entry. DE-MRI may be useful in iden-
tifying patients with intramural circuits.
VTs involving the Purkinje fiber system are less frequent
than subendocardial VTs. This might be surprising given
the extensive supply of the Purkinje fiber system in the
septum. The exact nature of the re-entry circuit remains to
be demonstrated; however, connections allowing impulse
propagation to proceed from the myocardium to the Pur-
kinje fiber system may be required (1). It is possible that the
conditions necessary for these connections to occur limit the
prevalence of this type of VT.
Infarct anatomy. Intramural VT has been described in
post-infarction patients during intraoperative mapping
studies (2,17). The interventricular septum has a dual
blood supply. The left anterior descending artery supplies
the anterior and basal septum, whereas the right coronaryartery supplies the posterior septum. Furthermore, trans-
murality is often incomplete in the setting of anterior wall
infarctions affecting the basal septum. This explains why
most patients with intramural VT originating from a scar
in the basal septum had previous anterior wall myocardial
infarctions (18).
Cardiac MRI obtained in a patient with an intramural
VT that could not be ablated from the right side or the left
side of the septum using a conventional 4-mm-tip catheter
identified an intramural area that was spared from scar tissue
and that was a potential arrhythmogenic substrate. This area
of spared myocardium might indicate an intramural path-
way that is shielded from an endocardial infarct core (2) and
might be difficult to reach from the left- or right-sided
endocardium. Use of an irrigated-tip catheter resulted in
successful ablation in this patient.
Inferior wall myocardial infarctions involving the right
coronary artery were more prevalent for endocardial VTs
and VTs involving the Purkinje fiber system. The scar was
larger in these patients compared with patients with intra-
mural VTs. Also, in these patients, a septal scar and critical
components of VT were more often in the posterior aspect
of the septum. This corresponds to the location of the
posterior fascicle. The observation that inferior wall myo-
cardial infarctions are often transmural at the basal and
mid-myocardial levels (19) could explain the lower preva-
lence of intramural circuits in patients with previous inferior
wall infarctions. Patients with endocardial VT had a larger
area of septal low voltage compared with patients with
intramural VTs. It is possible that the larger area alone
might be responsible for the development of endocardial
VTs over time. In the presence of a less extensive infarction
in which more Purkinje fibers survive, these fibers can also
be involved in the re-entry circuit (1). The dual blood supply
of the posterior fascicle (20) may result in more surviving
Purkinje fibers in the setting of an inferior wall infarction.
This could make it more likely for posterior Purkinje fibers
to participate in VTs compared with patients with anterior
wall infarction.
Study limitations. A limitation is that only 7 of the
patients with septal VTs underwent MRI. Furthermore,
because most VTs were not hemodynamically tolerated,
activation mapping could not always be performed, and the
prevalence of intramural VTs may have been underesti-
mated. A VT circuit confined to the right ventricle or a
circuit in the epicardial part of the septum was not ruled out
in all patients and may account for some of the VTs for
which no critical isthmus could be identified. Because the
entire VT circuit was not mapped, septal involvement
cannot be excluded for VTs labeled as nonseptal.
Clinical implications. Septal VTs have distinctive electro-
cardiographic characteristics that help to focus attention on
an area of interest within the left ventricular septum. The
QRS complex of septal VTs is narrower and more often
shows left bundle branch block morphology compared with
nonseptal VTs. The presence of a left bundle branch block
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location of the VT circuit, in which case, activation map-
ping rather than pace-mapping or entrainment mapping
will be needed to identify the endocardial breakthrough site
where ablation is most likely to be effective. A relative
narrow QRS complex mimicking fascicular tachycardia
suggests participation of the Purkinje system.
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